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ABSTRACT 

Photon-propelled rockets have exhaust velocities equal to that of 
light. 
human lifetimes and the limited mass ratios of rockets would permit a 
ran88 in epace only the order of 0.1 lightyear. 
mechanics indicate that at these velocities a time dilatation occurs on 
board K, that to the crew members the vehicle seems to be moving at a 
velocity greater than that of light, thus the range can be extended to 
extrisallactic space. 

From the laws of classical mechanics, it would seem that limited 

However, relativistic 
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PREFACE 

This  a r t i c l e  appeared o r i g i n a l l y  i n  Ast ronaut ica  Acta, Vol. 111, 
No. 2, 1957. Erofessor  Saenger, and h i s  w i f e  Dr .  I r e n e  Sanger-Bredt, 
a r e  both w e l l  known f o r  t h e i r  r e sea rch  and s t u d i e s  i n  rocke t  propuls ion 
systems. During World War 11, Dr .  Saenger proposed an an t ipoda l  bomber 
t h a t  could be boosted by rocket  p o w e r  above t h e  E a r t h ' s  atmosphere. It 
would then circumnavigate t h e  globe by sk ipping  o f f  t he  t o p  o f  t h e  atmos- 
phere and rebounding i n t o  space. He  has long been a proponent of  photonic 
propulsion, and a t  t h e  Seventh Congress o f  t h e  I n t e r n a t i o n a l  As t ronau t i ca l  
Federat ion,  i n  1956, descr ibed  a spacec ra f t  t h a t  could reach Andromeda i n  
25 years  and c r o s s  t h e  universe  i n  41.9 years ,  from t h e  space traveler's 
concept o f  t i m e .  (The same t i m e ,  viewed from Ear th ,  would be about 
3 x 1 0 1 ~  years. ) 

ii 
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F'LIGHT MECHANICS OF PHOTON ROCKETS 

By Professor  Eugen Saenger 

S t u t t g a r t ,  West Germany 
Direc tor ,  Research I n s t i t u t e  fo r  t h e  Physics of  Je t  Propuls ion 

I n  keeping wi th  the  p re sen t  s ta te  of a r t ,  t he  word "as t ronau t i c s "  - 
which means voyage t o  the  s ta rs  - is  commonly used i n  a q u i t e  l imi t ed  
sense t o  cover the  f i e l d  between a v i a t i o n  and space t r a v e l  as 
w e l l  as the  problems of e x t r a t e r r e s t r i a l  s t a t i o n s .  Even today the  mere 
d i s c u s s i o n  of i n t e r p l a n e t a r y  f l i g h t  s t i l l  pu t s  t h e  s c i e n t i s t  i n t o  the  
ca tegory  of dreamers. It i s  the  same r i s k  t h a t  he r a n  25 yea r s  ago when 
t a l k i n g  about supersonic  f l i g h t ,  high a l t i t u d e  r o c k e t s ,  o r  a r t i f i c i a l  
e a r t h  s a t e l l i t e s .  So f a r  on ly  a few independent minds have r i s k e d  t h e  
same f a t e  as Giordano Bruno by d i scuss ing  t h e  t r u e  meaning of t h e  bold 
word "as t ronau t i c s " ,  t he  f l i g h t  t o  the  f i x e d  stars. However, i t  i s  now 
time t o  take courage and t o  conduct a survey of f u t u r e  p o s s i b i l i t i e s  
which w i l l  enable  us t o  s teer  a reasonable  course i n  our t e c h n i c a l  de- 
ve  lopment . 

I n  t h e i r  nuc lear  r e a c t o r s  our  modern p h y s i c i s t s  have succeeded i n  
producing mass r a d i a t i o n  of va r ious  heavy p a r t i c l e s  wi th  v e l o c i t i e s  
approaching l i g h t  v e l o c i t y .  They also succeeded i n  producing a r t i f i c i a l l y  
s t a t i o n a r y  plasma temperatures  of such a degree t h a t  the r a d i a t i o n  pres-  
sii~-e of  ihese  hot  gases  a t c a i n  t echn ica i  magnitude. 
eng inee r s  c l o s e l y  fol low t h e  foo t s t eps  of t he  p h y s i c i s t s  i n  o rde r  t o  
use t h i s  r a d i a n t  energy f o r  t h e i r  j e t  p ropuls ion  systems and are sup- 
po r t ed  by the  r a p i d l y  developing technology of nuc lear  energy. 

Our modern rocke t  

We know e x a c t l y  what a modest mss r a t i o  a rocke t  needs i n  o rde r  t o  
r each  a f l i g h t  v e l o c i t y  t h a t  equals  the exhaust  v e l o c i t y  of i t s  propuls ive  
j e t .  Therefore ,  w e  a l s o  see  the  not too  remote p o s s i b i l i t y  t h a t  the 
f l i g h t  v e l o c i t y  of a rocke t  s h i p  i n  space can approach l i g h t  v e l o c i t y  
which b r i n g s  the  problem of  reaching the  f ixed  stars i n t o  the reach  of 
t e c h n i c a  1 f e a s i b i l i t y  . 

Astronomers u s u a l l y  i n d i c a t e  the d i s t a n c e s  of the  f ixed  stars i n  
l i g h t  yea r s .  For example the  d i s t ance  t o  the  "Proxima Centauri" ,  the 
s t a r  c l o s e s t  t o  the  Sun, i s  approximately 4 . 3  l i g h t  yea r s ;  the  d i s t a n c e  
t o  the c e n t e r  of t h e  Milky Way i s  about 30,000 l i g h t  y e a r s ,  t o  t he  
Andromeda Nebulae 750,000 l i g h t  years .  I t  i s  es t imated  t h a t  the  e n t i r e  
Universe  extends over a d i s t ance  of s e v e r a l  b i l l i o n s  of l i g h t  y e a r s .  
According t o  more r e c e n t  estimates, the  last  th ree  f i g u r e s  even have t o  
be doubled.  
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Rela t ive  t o  the  Ea r th  our spacec ra f t  can a t  b e s t  a t t a i n  an  end 
v e l o c i t y  c lose  t o  the  v e l o c i t y  of l i g h t .  Thus, i t  may seem a t  f i r s t  
t h a t  the  human l i f e  span would l i m i t  the  poss ib l e  r o u t e  of the  c r a f t  
t o  s e v e r a l  l i g h t  decades o r  t o  a small s e c t i o n  of our  Milky Way System 
i n  the  immediate neighborhood of our Sun. And, assuming a complete 
conversion of t he  e n t i r e  f u e l  mass, we would expect  t h a t  the u l t ima te  
t e c h n i c a l  pe r f ec t ion  of our  rocke t  propuls ion systems would enable  us 
t o  reach  the  c l o s e s t  f i x e d  s tars  of our  s o l a r  environment,  bu t  t he  
f a r t h e r  reg ions  of our galaxy and e x t r a - g a l a c t i c  s p i r a l  nebulae would 
forever  remain i n a c c e s s i b l e  t o  us.  

I t  i s  the o b j e c t i v e  of my speech t o  show you t h a t  a c t u a l l y  t h i s  
l i m i t a t i o n  does not  e x i s t  a t  a l l ,  t h a t  t he  nominal l i f e  span of the  
crew of the  spaceship i s  indeed adequate t o  reach any as t ronomica l  d i s -  
t ance ,  no t  only wi th in  o t h e r  g a l a x i e s  but  a l s o  t o  the  ve ry  l i m i t s  of 
the Cosmos; t h a t  t he  spaceship appa ren t ly  can t r a v e l  wi th  m u l t i p l e  
s u p e r l i g h t  v e l o c i t y  and t h a t  the r equ i r ed  mass r a t i o  of the rocke t  w i l l  
be high but  s t i l l  conceivable .  The reason  f o r  t hese  a s ton i sh ing  fac ts  
i s  t h a t  f o r  the f l i g h t  mechanics of these  space v e h i c l e s  the  c l a s s i c  
l a w s  of Newton are no longer v a l i d  and t h a t  t he  l a w s  of E i n s t e i n ' s  
r e l a t i v i t y  theory apply.  

Let us  assume. the  u l t ima te  case  of a s p a c e c r a f t  w i t h  complete mass 
r a d i a t i o n  where the e n t i r e  onboard f u e l  supply w i l l  be completely con- 
v e r t e d  i n t o  photons o r  neu t rons ,  a n t i - n e u t r o n s ,  g r a v i t o n s ,  e t c . ,  and 
expel led  with l i g h t  v e l o c i t y  i n t o  a predetermined d i r e c t i o n .  

Based on these  c a l c u l a t i o n s  we can la te r  e a s i l y  determine o t h e r  
cases  wi th  mass-energy conversion f a c t o r s  o t h e r  than one ,  t h a t  i s  f o r  
nuc lear  d i s i n t e g r a t i o n ,  nuc lear  f i s s i o n ,  nuc lea r  s y n t h e s i s ,  e t c .  wi th  
lower exhaust v e l o c i t i e s  and h igher  mass r a t i o s .  

We f u r t h e r  assume t h a t  such a rocke t  s h i p  - f o r  example wi th  photon 
propuls ion - t r a v e l s  through empty space i n  a s t r a i g h t  l i n e  wi thout  t he  
i n t e r f e r e n c e  of  any g r a v i t y  f i e l d ,  and w e  a l s o  d i s r e g a r d  the  drag  f a c t o r  
of i n t e r s t e l l a r  gas .  

Considering a coord ina te  system, o r  s o - c a l l e d  "eigen" system, f i r m l y  
connected with the v e h i c l e  , w e  use the  w e l l  known c l a s s i c  fundamental 
rocke t  equat ion between the  r a t i o  of  the  i n i t i a l  t teigen" mass 
of the  veh ic l e  and the  r a t i o  of an  a t t a i n e d  "eigen" f l i g h t  v e l o c i t y  Ve 
t o  the exhaust v e l o c i t y  c ,  which i n  t h i s  u l t i m a t e  case  a l s o  equa l s  t he  
l i g h t  v e l o c i t y  . 

We use the  expression "eigen v e l o c i t y "  f o r  t h e  parameter V e  t o  i n d i c a t e  
t h a t  i t  does no t  r ep resen t  a t r u e  v e l o c i t y  i n  the  phys ica l  sense .  
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The numerical  dev ia t ion  of t h i s  parameter Ve from the  t r u e  r e l a t i v e  
v e l o c i t y  v of  t he  space c r a f t  t o  the Ea r th  i s  no longer n e g l i g i b l e ,  as 
soon as  the  f l i g h t  v e l o c i t y  v i s  higher  than  approximately 10% of the 
l i g h t  v e l o c i t y .  
t o  equat ion  1 t h a t  f o r  %/me0 = e - l  t he  proper f l i g h t  v e l o c i t y  becomes 
e q u a l  t o  t h e  l i g h t  v e l o c i t y ,  and fo r  %/meo = e-10 corresponds t o  the  
decuple l i g h t  v e l o c i t y ,  e t c .  

Therefore  we  are not  a s ton i shed  t o  determine according 

Nevertheless  we s h a l l  t r y  t o  b e t t e r  understand t h e  n a t u r e  of t h i s  
s t r ange  "eigen" v e l o c i t y  ve by measurements onboard the  sh ip .  

L e t  us  assume t h a t  t he  c r e w  has the  usua l  chronometer onboard and 
measures the  "eigen"time e lapsed  s ince  s t a r t i n g  the  powered f l i g h t  

Let  us  f u r t h e r  assume t h a t  they a l s o  have onboard the  normal acce le ro -  
meters of  the  small spring-mass type and can 
a c c e l e r a t i o n  

be 

With these  two va lues  the  crew can determine 
t h e  usua l  manner 

t e 
r 

ve = J be dte 
0 

mea s u r  e the  i r "e i gen" 

(3) 

i t s  "eigen" v e l o c i t y  ve i n  

The r e s u l t  of t h i s  c a l c u l a t i o n  w i l l  correspond t o  the  c a l c u l a t i o n  of the  
v e l o c i t y  ve a t t a i n e d  by the  propuls ion  accord ing  t o  equat ion  1; and 
a g a i n  a f t e r  some t i m e  t he  crew w i l l  f i n d  ou t  t h a t  V e  exceeds t h e  l i g h t  
v e l o c i t y .  

The crew 
and determine 

can even eva lua te  f u r t h e r  t h e  two onboard measurements 
a covered "eigen" f l i g h t  pa th  Se 

e te te 

s e = J  J be d t e  d t e  = 1 ve d t e  

t 

0 0  0 

(5) 

which i s  as  f i c t i v e  as the  concept of the  "eigen" v e l o c i t y ,  which repre- 
s e n t s ,  however, a magnitude f o r  the f u e l  consumption mJ-0 of t h e  rocke t  
s h i p .  
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The crew members do no t  have t o  doubt t h e i r  own instrument  record-  
i n g s ,  because as a n  example they  can check the  chronometer w i th  t h e i r  
own pu l se  bea t ing  and wi th  the  e n t i r e  cyc le  of t h e i r  n o r m 1  l i f e  rhythm; 
and they  w i  11 d e f i n i t e l y  f e e  1 physio log ica  1 l y  the  "eigen"-acce l e r a t i o n ;  
i n  f a c t  they  w i l l  even t r y  t o  c o n t r o l  a cons t an t  "eigen" a c c e l e r a t i o n  
of  t he  c r a f t ,  i f  poss ib l e  a t  a ra te  of be = g = 9.81 m/sec2, the  most 
comfortable  rate t o  which they have been used on the  Ea r th .  

I n  t h i s  case  where be = c o n s t a n t ,  the  der ived  measurements of t he  
"eigen" v e l o c i t y  V e  and the  "eigen" f l i g h t  pa th  se can e a s i l y  be de t e r -  
mined 

by means of the  w e l l  known classical  r e l a t i o n  of s t e a d i l y  a c c e l e r a t e d  
mo t i on. 

O f  course,  such a f l i g h t  w i l l  be c a r e f u l l y  observed and t racked  by 
numerous instruments  on the  ground, and perhaps i t  w i l l  be agreed  upon 
t o  exchange the d a t a  between ground obse rve r s  and crew a t  c e r t a i n  i n t e r -  
va ls ,  maybe a f t e r  a c e r t a i n  f u e l  consumption c h a r a c t e r i z e d  by %/%o. 

Gradual ly ,  cons iderable  d i sc repanc ie s  w i l l  be found between the  
r eco rd ings  of ground s t a t i o n s  f o r  t he  e l apsed  t i m e  t ,  t h e  a c c e l e r a t i o n  
of t h e  c r a f t  b ,  the  f l i g h t  v e l o c i t y  v ,  and t h e  f l i g h t  pa th  s ,  and the  
corresponding onboard da ta  of t e ,  be, V e ,  and Se ob ta ined  by t h e  crew 
wi thout  cons ide ra t ion  of t he  environment. 

A f t e r  a c e r t a i n  ser ies  of da t a  has  been recorded ,  w e  w i l l  n o t i c e  
t h a t  the  fol lowing w e l l  known r e l a t i v i s t i c  r e l a t i o n s  f o r  a r b i t r a r y  

and the  crew: . I "eigen" a c c e l e r a t i o n s  e x i s t  between the  d a t a  recorded by ground obse rve r s  
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Hidden behind these  harmless r e l a t i o n s  i s  the  e n t i r e  myst ic  ex-  
per ience  of the  spaceship crew. I t s  f u l l  impact ,  however, w i l l  be f e l t  
on ly  i f  such f l i g h t  v e l o c i t i e s  v approach t h e  e lec t romagnet ic  s i g n a l i n g  
speed c ,  where consequent ly  a l l  communication between ground s t a t i o n s  
and crew i s  l o s t  and an  immediate comparison of the  d i f f e r e n t  d a t a  i s  
no longer poss ib l e .  

I n  g r a v i t y -  and drag- f ree  space almost  no l i m i t s  a r e  imposed on the  
r a t i o  %/mea between end and i n i t i a l  mass of the  s p a c e c r a f t ,  e s p e c i a l l y  
when the  f u e l  t o  be converted c o n s i s t s  of  s o l i d  and se l f - suppor ted  bodies  
which w i l l  on ly  be consumed during the  cmrse of yea r s .  Therefore ,  
F igure  1 shows f i r s t  the  %/me0 r a t i o  i n  wider ranges  ve r sus  the  r e s u l t -  
i n g  r e l a t i o n s  of the  "eigen" v e l o c i t y  V e  o r  the  r e l a t i v e  v e l o c i t y  v t o  
the  l i g h t  v e l o c i t y  c ,  according to  equat ion  1 o r  l a .  We s h a l l  r e f e r  t o  
t h e s e  r e l a t i o n s  as  E i n s t e i n  numbers of  space f l i g h t  i n  analogy wi th  the  
Mach numbers of atmospheric f l i g h t s .  

While the  "eigen" E i n s t e i n  numbers can assume va lues  above 1, the  
r e l a t i v e  E i n s t e i n  number n a t u r a l l y  approaches 1 without  ever  a t t a i n i n g  
i t .  This  a l r e a d y  shows the  p r a c t i c a l  convenience of  s e l e c t i n g  a n  "eigen" 
v e l o c i t y  which p r o h i b i t s  t h a t  E i n s t e i n  numbers i n  the  considered ranges  
take  completely inexp l i cab le  numerical va lues  when r e f e r r i n g  t o  the  
r e l a t i v e  v e l o c i t i e s .  

Connected herewith i s  the  f a c t  t h a t  according t o  ground obse rva t ions  

For example, 
t he  a c c e l e r a t i o n  of the  c r a f t  b decreases  much more r a p i d l y  than the  
"eigen" a c c e l e r a t i o n  be which the  onboard crew exper iences .  
wh i l e  f o r  a cons tan t  "eigen" a c c e l e r a t i o n  be the  "eigen" v e l o c i t y  Ve 
i n c r e a s e s  p ropor t iona l ly  t o  the  "eigen" t i m e  t e ,  t he  r e l a t i v e  v e l o c i t y  
v of the  c r a f t  ha rd ly  inc reases  a t  a l l  f o r  t he  ground observer  s i n c e  i t  
approaches a sympto t i ca l ly  the  v e l o c i t y  of l i g h t .  

Even more s t r ange  a r e  the  time and d i s t a n c e  r a t i o s  when comparing 
them from the  view po in t  of ground observer  and c r e w .  
i n g  the  r a t i o  d t / d t e  of t he  ground observer  time element ve r sus  
t i m e  element accord ing  t o  equat ion 2a,  shows t h a t  f o r  Ve/C = 18 a year  
pas ses  f o r  t he  ground observer  while t he  c r e w  only  experiences the  lapse  
of  a second. 

Figure 1 i l l u s t r a t -  
crew 

For V e / C  = 32, a m i l l i o n  years  would p a s s  on Ea r th  and seem l i k e  a 
second t o  the  spaceship crew. 

What we c a l l  time on Ear th  would completely s t o p  o r  not  e x i s t  a t  
a l l  f o r  an  assumed i n h a b i t a n t  of a photon, where ve/c  = w and v / c  = 1. 
These beings would remain ou t s ide  of our  world,  t h e i r  time cyc le  would 
n o t  have any r e l a t i o n  t o  ours .  Let us  assume t h a t  a l i g h t  quantum be 
s e n t  from the  Ea r th  t o  a 10 l i g h t  yea r s  d i s t a n t  star and immediately be 
r e f l e c t e d  back t o  the  Ear th .  I t  would r e t u r n  t o  the  Ear th  a f t e r  20 years .  
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Figure 1. Adiaba t ic  photon r o c k e t .  Ra t io  of ob ta ined  
f l i g h t  E ins t e in  number v /c  and f l i g h t  "eigen" E i n s t e i n  
number ve/c versus  mass r a t i o  m e / m d  and t h e  r a t i o s  of 
r e l a t i v e  v e l o c i t y  and "eigen" v e l o c i t y  b/be; of r e l a t i v e  
f l i g h t  time t o  "eigen" f l i g h t  t ime t/te; of r e l a t i v e  
f l i g h t  pa th  t o  "eigen" f l i g h t  pa th  ds /dse ,  and of  t h e  
r e l a t i v e  d i s t ances  ds/dse from t h e  Ear th  and from t h e  
c r a f t  . 
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However, f o r  a passenger of t h i s  photon, no t i m e  a t  a l l  would pass  dur ing  
t h i s  t r i p ;  t he  pendulum of  t h i s  clock would no t  move a t  a l l  and he would 
no t  have aged f o r  a second. During the  f l i g h t  he would have the  impres- 
s i o n  o f  moving tJ i th  i n f i n i t e l y  high ve loc i ty .  Although t h e  crew m e m b e r s  
of our spaceship  can never completely a t t a i n  t h i s  s t r ange  s t a t e  of  a 
photon i n h a b i t a n t ,  they w i l l  approach i t  t o  a cons iderable  e x t e n t  when 
the  f l i g h t  a t t a i n s  h igh  E i n s t e i n  numbers. Indeed,  f o r  us  e a r t h l i n g s ,  
t he  l i f e  span of the crew reaches  t h a t  of immortal gods; bu t  t he  crew 
members do no t  have the  impression t o  l i v e  any d i f f e r e n t l y  than they  dfd  
on Ea r th  and a l s o  w i l l  n o t  become any o l d e r  than  they  would have become 
on Ear th .  As t o  t he  f l i g h t  pa ths  ds  and d s e ,  another  complicat ion occurs  
i n  as much as we have t o  cons ider  a t h i r d  pa th  measurement dser .  

The k inemat ica l  "eigen" va lues  of t he  crew te,  be ,  and the  der ived  
"eigen" va lues  V e  and se are determined without  any r e l a t i o n  t o  the  
environment of t he  s p a c e c r a f t ,  t h a t  i s ,  without  observing i n c i d e n t s  
o u t s i d e  the  c r a f t .  Measurements of t he  r e l a t i v e  va lues  t ,  b ,  v ,  and s 
from the  ground t o  the  c r a f t  are  taken by commonly used as t ronomica l  
ins t ruments .  

I f  we assume t h a t  t he  crew 
nomical ins t ruments  and r eco rds  
t o  the  Ea r th ,  we are e s p e c i a l l y  
measurements i n  r e l a t i o n  t o  the  
v a l u e s  . 

Table 1 shows a sununary of 
s p a c e c r a f t  : 

Table 1. Kinematical  

has been provided wi th  the  same a s t r o -  
t e ' ,  b e 1 ,  v e l ,  and Set from t h e  c r a f t  
i n t e r e s t e d  i n  the  r e s u l t s  of t hese  
prev ious ly  d iscussed  r e l a t i v e  and "eigen" 

the e n t i r e  k inemat ica l  parameter of t he  

Parameter of the  Photon C r a f t  

"Eigen" Mea su r  emen t Measurement "Eigen" 
Measurement Cra f t  - Ear th  Ea r th  - C r a f t  Time - 

C r a f t  Veloc i ty  

b - - Acce le ra t ion  be be ' 

- F l i g h t  Path Se se t  S 
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We can immediately see t h a t  the  recorded t i m e  t e '  i s  the  same as 
our "eigen" time t e ,  hence t e ' ;  and t h a t  t he  r e l a t i v e  a c c e l e r a t i o n s  be'  
and r e l a t i v e  v e l o c i t i e s  Ve' measured from the  c r a f t  t o  t he  ground, have 
t o  be i d e n t i c a l  wi th  the r e l a t i v e  va lues  b and v measured i n  oppos i te  
d i r e c t i o n ;  thus be '  = b and v e t  = v ,  s ince  appa ren t ly  i t  does no t  matter 
whether t he  c r a f t  o r  the Ear th  i s  considered s t a t i o n a r y  and the  o t h e r  
o b j e c t  i n  motion. 

I t  i s  s l i g h t l y  d i f f e r e n t  when we measure onboard the  c r a f t  t he  
length  of a c e r t a i n  t r a c t  i n  the  f l i g h t  path which does not  move i n  re- 
l a t i o n  t o  the Ea r th ,  f o r  example the  d i s t a n c e  s of the  Ea r th  from the  
t a r g e t  of the f l i g h t .  Each element ds  of t h i s  t ract  moves re la t ive t o  
the  c r a f t  with the  v e l o c i t y  v and thus  i s  subjec ted  t o  t h e  r e l a t iv i s t i c  
length  d i l a t a t i o n .  

Measured from the  moving c r a f t ,  the  t r a c k  s t a t i o n a r y  t o  the Ea r th  appears  
s h o r t e r  than the  t rac t  measured from the  ground; t he  r e s u l t i n g  r a t i o  i s  
the  same as t h a t  of the  d i f f e r e n t  t i m e  measurements from both obse rva t ion  
p o i n t s .  

Therefore ,  t he  r a t i o  ds /dse  of the  d i s t a n c e  measured by the  ground 
observer  and the d i s t a n c e  measured by the  crew, p l o t t e d  i n  Figure 1 
accord ing  t o  equat ion  8 ,  i s  i n  analogy wi th  the  curve d t / d t e  and shows 
t h a t  f o r  example f o r  Ve/C = 19 a n  as t ronomica l  d i s t a n c e  such as the  one 
from the  Earth to the  Sun appears  t o  the crew as on ly  1 k i lometer  ( 0 . 6  
m i l e s )  long,  and t h a t  f o r  V e / C  = 3 2 ,  t h e  d i s t a n c e  of our  Sun t o  i t s  
c l o s e s t  neighboring sun, t he  Proxima Cen tau r i ,  de f ined  as being 4 1 / 3  
l i g h t  yea r s  by astronomers on the  Ea r th ,  a l s o  amounts t o  only  1 ki lometer  
( 0 . 6  m i l e s )  f o r  the  crew of our  s p a c e c r a f t .  These d i s t a n c e s  can be 
covered wi th  the  ind ica t ed  "eigen" v e l o c i t i e s  i n  about  0.317 x lo-' 
o r  5.36 x "eigen" seconds. 

For the assumed i n h a b i t a n t s  of  a photon who - r e l a t i v e  t o  us  - t r ave l  
on t h i s  l i g h t  quantum wi th  the  v e l o c i t y  of l i g h t ,  a l l  d i s t a n c e s  of our  
world would sh r ink  t o  zero ;  t hese  beings would a c t u a l l y  l i v e  o u t s i d e  of 
our  wor Id .  

I f  our  assumed passenger could measure from h i s  photon the  l eng th  
of h i s  f l i g h t  pa th  t h a t  t o  us ex tends  over 10 l i g h t  y e a r s ,  he would 
g a i n  the  impression t h a t  dur ing  t h e  t i m e  ze ro  he would have covered t h e  
pa th  zero .  
of our spacecraf t  can never completely a t t a i n  t h i s  s t r a n g e  s ta te ,  bu t  
i t  can approach i t  a t  cons iderably  h igher  "eigen" E i n s t e i n  numbers of 
the  f l i g h t .  

H i s  world would be wi thout  any r e l a t i o n  t o  o u r s .  The crew 
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The represented  r a t i o s  of  t he  r e l a t i v i s t i c  time o r  length  d i l a t a t i o n  
mainly d i s c l o s e  ph i losoph ica l  o r  even mythological  a s p e c t s .  However, a 
ve ry  concre te  t e c h n i c a l  a s p e c t  o f  utmost importance i s  revea led  when 
cons ider ing  the  r a t i o  ds /dse  of the as t ronomica l  d i s t a n c e s  s t o  the  
"eigen" pa ths  s of t h e  rocke t .  

Under a l l  c i rcumstances the  astronomical  d i s t a n c e  s remains the  
b a s i s  f o r  planning a space f l i g h t  and a l s o  the  index  of i t s  success .  It  
would be completely unreasonable t o  r e p l a c e  s by t h e  r e l a t i v e  d i s t a n c e  
Se' which depends on the  f l i g h t  v e l o c i t y ,  mainly t o  avoid  t a l k i n g  about 
f l i g h t  v e l o c i t i e s  t h a t  are h igher  than the  v e l o c i t y  of l i g h t .  

Contrary herewi th ,  t he  "eigen" pa th  Se i s  a completely f i c t i v e  
number without  any phys ica l  importance; accord ing  t o  equat ions  1 and 5 ,  
however, i t  i s  an  index f o r  the  requi red  f u e l  consumption of the  c r a f t .  

The r a t i o  ds /dse  of t he  two paths  i s  p l o t t e d  i n  Figure 1 as t h i r d  
curve which shows t h e  immense inc rease  i n  the  as t ronomica l  d i s t a n c e s  i n  
comparison w i t h  the  "eigen" pa ths  a t  h igher  E i n s t e i n  numbers. Con- 
sequen t ly ,  un l imi ted  as t ronomica l  d i s t a n c e s  can be covered by f i n i t e  
"eigen" pa ths ;  and they  only r equ i r e  f i n i t e  f u e l  consumption. 

L e t  us  b r i e f l y  cons ider  on ly  one of t he  many conceivable  examples 
which can be deduced from t h e  d iscussed  k inemat ica l  fundamental r e l a t i o n s :  
t h e  f l i g h t  covering an  as t ronomica l  d i s t a n c e  s; during the  f i r s t  h a l f  
of t h e  t r i p  the  c r a f t  be acce le ra t ed  wi th  cons tan t  "eigen" a c c e l e r a t i o n  
be; dur ing  the  second h a l f  t he  c r a f t  be dece le ra t ed  wi th  equal  "eigen" 
a c c e l e r a t i o n ;  and aga in  i n t e r s t e l l a r  drag  be d is regarded .  

We can e a s i l y  o b t a i n  t h e  k inemat ica l  and dynamical f l i g h t  r a t i o s  by 
a n  i n t e g r a t i o n  of t h e  d iscussed  f u n d a a n t a l  relaticas,  and e s p e c i a l l y  
t h e  fo l lowing  va lues  t h a t  are of i n t e r e s t  t o  us: "Eigen" time of t he  
e n t i r e  f l i g h t  te 

o r  f o r  bes/2c2 >> 1: 

2c bes c me 0 
te-  - I n - = -  l n -  be c be me . 
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Required mass r a t i o  Q / m e o  o f  the  c r a f t  

L o r  f o r  bes/2c2 >> 1: 

O p t i m u m  "eigen" E i n s t e i n  number a t  midway d i s t a n c e  

o r  f o r  bes/2c2 >> 1: 

m bes 1 e0 2 I n ~ = - l n -  
C 2 m  e 

F i r s t  of a l l  equat ion  10a shows t h a t  f o r  g r e a t  d i s t a n c e s  a t  a 
given mass r a t i o  the  range s i s  i n v e r s e l y  p ropor t iona l  t o  the  used 
"eigen" a c c e l e r a t i o n  be , t h a t  means low "eigen" a c c e l e r a t i o n s  are favor-  
a b l e  t o  ob ta in ing  wide ranges .  On t he  o t h e r  hand i t  fo l lows  from equa- 
t i o n  9a t h a t  the  du ra t ion  of the  f l i g h t  te a l s o  i s  i n v e r s e l y  p ropor t iona l  
t o  be; the f l i g h t  time i s  increased  i n  the  same rate as  t h e  f l i g h t  range 
a t  low "eigen" a c c e l e r a t i o n s .  
independent from be. 

The "eigen" time v e l o c i t y  Vez = s / te  is 

The three  d iscussed  magnitudes are p l o t t e d  i n  F igure  2 f o r  be = g = 
9.81  m/sec", t h a t  means f o r  a n  "eigen" a c c e l e r a t i o n  equa l ing  the normal 
Ea r th  a c c e l e r a t i o n  ve r sus  a l l  conceivable  a s t ronomica l  d i s t a n c e s  s up t o  
the  assumed t o t a l  d i s t a n c e  of  t he  Universe.  
material f o r  f u t u r e  thoughts .  

They f u r n i s h  p l e n t y  of 

I n  o rde r  t o  en l iven  the  a b s c i s s a ,  some d e f i n i t e  as t ronomica l  d i s -  
t ances  are marked, fo r  example the  d i s t a n c e  between two E a r t h  an t ipodes  
(20,000 km = 12,000 miles) , between E a r t h  and Moon (400,000 km = 240,000 
miles) between Ea r th  and Sun (150 m i l l i o n  km = 100 m i l l i o n  miles) , between 
our  s o l a r  system and the  c l o s e s t  one of t h e  Proxima Centaur i  ( 4 . 3  l i g h t  
y e a r s ) ,  between Sun and the  c e n t e r  of  t h e  Milky Way (30,000 l i g h t  years )  , 
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between Ea r th  and the  Andromeda Nebulae (approximately 750,00O*light 
y e a r s ) ,  and f i n a l l y  t h e  assumed t o t a l  d i s t a n c e  of the  Universe (3*b i l l i on  
l i g h t  yea r s ) .  As Figure 2 shows, under the  assumptions made, t he  "eigen" 
f l i g h t  times t e  f o r  t hese  seven t r i p s  vary  between 47.2 minutes and 41.9 
yea r s  . 

The human l i f e  span would be s u f f i c i e n t  t o  circumnavigate a n  e n t i r e  
s t a t i c  universe .  However, whether our s o l a r  system would s t i l l  e x i s t  
upon the  r e t u r n  of t h e  c r e w ,  remains ques t ionab le ,  because i n  t h e  mean- 
t i m e  more than 3 b i l l i o n  y e a r s  would have passed. During t h i s  time the  
crew stayed temporal ly  almost ou t s ide  our  world system, hence i n  another  
wor Id .  

On t h i s  last  t r i p  the  members of t h e  crew w i l l  be i n c l i n e d  t o  com- 
pare  the  r e l a t i v e  as t ronomica l  d i s t ance  of 3 b i l l i o n  l i g h t  yea r s  w i th  
the  d u r a t i o n  of t h e i r  t r i p  of 41.9 "eigen" yea r s  and w i l l  have the  i m -  
p re s s ion  t h a t  they  t r a v e l e d  wi th  a mean v e l o c i t y  of 720 m i l l i o n  times 
l i g h t  v e l o c i t y .  Of course ,  a l s o  t h i s  "eigen" times v e l o c i t y ,  the  same 
as our  "eigen" v e l o c i t y ,  i s  no real  phys ica l  v e l o c i t y  s i n c e  w e  d iv ide  
the  as t ronomica l  d i s t a n c e  measured i n  our  E a r t h  system by the  "eigen" 
t i m e  of the  f l i g h t  measured i n  the  c r a f t .  Never the less  t h i s  "eigen" 
t i m e  v e l o c i t y  i s  a very  s u i t a b l e  express ion  f o r  t he  actual experience 
of t h e  crew. 

This  "eigen" t i m e  v e l o c i t y  which can su rpass  m i l l i o n  t i m e s  t he  
v e l o c i t y  of l i g h t ,  i s  of extreme p r a c t i c a l  importance,  because i t  r ep re -  
s e n t s  t he  connect ion of t he  f l i g h t  d i s t a n c e  d s  measured by the  Ea r th  
astronomer w i t h  the  "eigen" t i m e  dte  experienced by the  crew, namely 
Vez = d s / d t e ,  and thus  r e f l e c t s  the f l i g h t  v e l o c i t i e s  experienced by the  
c r e w ,  which does n o t  apply  t o  ve. 
V e  b e t t e r  c h a r a c t e r i z e s  the  f u e l  cornsumption. 

However, t he  l a t t e r  ''eigen" v e l o c i t y  

From F igures1  and 2 we can see t h a t  f o r  t he  most i n t e r e s t i n g  v e l o c i t y  
0 r anges  ve /c  = 10 t o  lo2 t he  va lue  of t he  r e l a t i v e  v e l o c i t y  v as w e l l  

as of  t he  "eigen" time v e l o c i t y  vez would lead  t o  unuseable f i g u r e s .  
a d d i t i o n  t o  i t s  importance as index f o r  the  f u e l  consumption, t h i s  i s  
ano the r  p r a c t i c a l  reason  t o  use the t e r m  "eigen v e l o c i t y "  i n  s p i t e  of i t s  
p h y s i c a l  absu rd i ty .  From a p r a c t i c a l  s tandpoin t  a l s o  t h e  t e r m s  "eigen 
t i m e  ve loc i ty"  and "super l i g h t  ve loc i ty"  a r e  j u s t i f i e d .  

I n  

During the  t r a n s i t i o n  s t a g e  from a f i e l d  of pure physics  i n t o  app l i ed  
phys ic s  o r  technology,  new terms become necessary  which q u i t e  o f t e n  con- 
form less wi th  s t r i c t  s c i e n t i f i c  d e f i n i t i o n s  bu t  meet the  imperat ive de- 
mands of p r a c t i c a l  l i v i n g  and can be understood by wider c i r c l e s .  
doubt ,  t hese  las t  requirements  a r e  of primary importance compared t o  
s c i e n t i f i c  requirements  i f  - as  i n  the  present  case - a n  agreement cannot 
be reached.  

NO 

* S t u d i e s  by Walter B a d e  on Cepheid and C l u s t e r  Var iab les  show t h a t  t h i s  
f i g u r e  i s  approximately doubled. 
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I f  we have no b e t t e r  measure than the  as t ronomica l  d i s t a n c e  of 
750,000 l i g h t  yea r s  f o r  t he  d i s t ance  from the  E a r t h  t o  the Andromeda 
Nebulae, and the  members of the  crew f i n d  out  t h a t  they can cover t h i s  
d i s t a n c e  during 25 of t h e i r  own l i f e  y e a r s ,  our  present  day language 
does no t  o f f e r  any b e t t e r  d e f i n i t i o n  than  saying t h a t  t h e  f l i g h t  v e l o c i t y  
appears  t o  the  crew as  30,000 times l i g h t  v e l o c i t y .  

These a s ton i sh ing  f a c t s  are i n  p e r f e c t  agreement wi th  p r a c t i c a l  
phys i ca l  experiments.  The crew f inds  i t s e l f  i n  a s i m i l a r  s i t u a t i o n  as 
the  mesons which o r i g i n a t e  a t  the  upper s t r a t o s p h e r e  l i m i t  through the  
i m p a c t  of primary p a r t i c l e s  of cosmic r a d i a t i o n .  Only due t o  the  re- 
l a t i v i s t i c  t i m e  d i l a t a t i o n ,  t h e i r  sho r t  "eigen" l i f e  per iod s u f f i c e s  t o  
p e n e t r a t e  the  t o t a l  remainder of the atmosphere and s t i l l  t o  be r e g i s t e r e d  
by ins t ruments  on the  E a r t h ' s  su r f ace .  

According t o  the  forementioned r e l a t i o n s ,  t he  r e l a t i v e  l i f e  path s 
of a p-meson of the  h igh  a l t i t u d e  r a d i a t i o n  wi th  a l i f e  per iod te i s :  

and o f f e r s  t he  experimental  proof f o r  t he  r e l a t i v i s t i c  t i m e  d i l a t a t i o n s .  
A t  v e l o c i t i e s  c l o s e  t o  l i g h t  v e l o c i t y  the  w e l l  known l i f e  per iod of t he  
p-mesons of approximately te = l om6  seconds would only  p e r m i t  a c l a s s i c a l  
l i f e  pa th  of approximately s = c t e  = 3.108 x = 300 m (1000 f t ) .  Due 
t o  the  h igh  k i n e t i c  e n e r g i e s  of approximately Ekin/%c2 = lo2 ,  the  rela- 
t i v i s t i c  l i f e  path i s  increased  lo2 times and extends according t o  the  
a / m  r e l a t i o n  from the  upper s t r a tosphe re  l i m i t  t o  the  E a r t h ' s  su r f ace :  
t he  "eigen" t i m e  v e l o c i t y  of t he  mesons a t t a i n s  lo2 times l i g h t  v e l o c i t y .  

I n  the  same way as the  s h o r t  l i f e  per iod of seconds of t h e  
meson of the  cosmic r a d i a t i o n  o rg ina t ing  a t  the  upper s t r a t o s p h e r e  l i m i t  
w i t h  a r e l a t i v e  v e l o c i t y  near  l i g h t  v e l o c i t y ,  s u f f i c e s  t o  pene t r a t e  t he  
e n t i r e  width of the  atmosphere of about  30 k i lome te r s  (18 m i l e s )  wi th  
hundred times l i g h t  v e l o c i t y  as "eigen" v e l o c i t y ,  the  s h o r t  human l i f e  
span of less than hundred yea r s  s u f f i c e s  t o  c i r c l e  t he  e n t i r e  Cosmos 
ex tending  over  3 b i l l i o n  l i g h t  years  wi th  an  "eigen'' v e l o c i t y  of s eve ra l  
hundred m i l l i o n  t i m e s  l i g h t  v e l o c i t y .  

I n  a curve p a r a l l e l  t o  t he  above mentioned, F igure  2 f u r t h e r  shows 
t h e  h ighes t  "eigen" E i n s t e i n  number of t he  f l i g h t  occur r ing  i n  the  middle 
of t h e  f l i g h t  pa th .  For a circumnavigation of t he  Universe,  the  h ighes t  
"eigen" E i n s t e i n  number i s  ( V ~ / C ) ~ ~  = 2 2 ,  and i s  very  s imi la r  t o  the  
corresponding Mach number f o r  a n  e a r t h  o r b i t  of a n  a r t i f i c i a l  e a r t h  
s a t e l l i t e  . 
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According t o  F igure  1 t h i s  corresponds t o  a length  d i l a t a t i o n  of 
approximately ds/dse '  = 3 x lo9 ,  which means t h a t  f o r  t h e  crew the  Uni- 
ve r se  a t  t h a t  moment would have a circumference of only about  one l i g h t  
year .  I f  the crew does not  d e c e l e r a t e  i t s  v e l o c i t y ,  t he  c r a f t  would 
c i r c l e  t he  Universe once each "eigenfl  year  - as long as a l l  switches 
a r e  properly s e t .  

From the t h i r d  curve %o/me i n  F igure  2 we can see t h a t  wi th  com- 
p l e t e  mass r a d i a t i o n  the  f u e l  consumption i n  the  diagram i s  only n o t i c e -  
a b l e  f o r  t r i p s  cons iderably  ou t s ide  our Solar  System. For a f l i g h t  i n  
the  descr ibed  but no t  a t  a l l  most economical way t o  our c l o s e s t  neighbor- 
ing  s o l a r  sys t em,  the  Proxima Cen tau r i ,  t he  f u e l  mass a t  t h e  end of  t he  
t r i p  would have t o  be 40 times the  mass of  the  spaceship;  t he  t r i p  would 
take  about  3 .6  "eigen" yea r s  o r  6 t e r res t r ia l  y e a r s  f o r  a n  as t ronomica l  
d i s t a n c e  of 4 . 3  l i g h t  yea r s .  

For f a r t h e r  reaching  exped i t ions  the  r equ i r ed  mass r a t i o s  inc rease  
much f a s t e r  than the  r equ i r ed  "eigen" f l i g h t  t i m e s ,  bu t  w i t h i n  the  en- 
t i r e  g a l a c t i c  reg ion  they s t i l l  remain i n  a t e c h n i c a l l y  conceivable  
o rde r  of magnitude, e s p e c i a l l y  i f  we cons ider  even lower a c c e l e r a t i o n s  
o r  a longer f r ee -coas t ing  f l i g h t  phase. 

I n  conclusion w e  have t o  s ta te :  To reach  the  f i x e d  stars does not  
r e q u i r e  the  t r i p s  of gene ra t ions  dur ing  which v a r i o u s  gene ra t ions  a r e  
born and r a i s e d  and aga in  pass  away u n t i l  t he  g r e a t  grandchi ldren  f i n a l l y  
reach  the  goa l  s e t  by t h e i r  f o r e f a t h e r s .  It  i s  n e i t h e r  t r u e  t h a t  due 
t o  our l imi t ed  l i f e  span w e  cannot reach  d i s t a n t  g a l a x i e s  hundred 
thousand l i g h t  yea r s  away from us nor t h a t  Nature would l i m i t  our  a c t i v i -  
t i e s  t o  our  small corner  of t he  Universe.  D e f i n i t e l y  no t !  We do no t  
have t o  r e s i g n  ourse lves  t o  d u t i f u l  complacency. The i n f i n i t e  Universe 
i s  small enough t o  be pene t ra ted  t o  i t s  ve ry  l i m i t s  by our  own i n d i v i d u a l  
e f f o r t s .  Any p lace  can be reached by man. 

We are reminded of a f a v o r i t e  quo ta t ion  by E i n s t e i n :  "As cunning 
as our Lord may b e ,  He never i s  mean." 
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